Background: Understanding individual-differences of those people who do and do not meet
Introduction

The CDC Physical Activity Guidelines for Americans and USDA Dietary Guidelines for
Americans place an emphasis on physical activity as a means of improving health [1, 2] . These recommendations include accumulating either 150 minutes of moderate-intensity or 75 minutes of vigorous-intensity physical activity (VPA) per week along with muscle-strengthening activities 2 or more days per week [1] . However, only 1 in 4 Americans report engaging in any leisure time physical activity [3] and only 9% meet the Physical Activity Guidelines for Americans [4] . Exercise reinforcement is one factor that influences exercise behavior [5, 6] . The reinforcing nature of a behavior to an individual can be assessed by determining the amount of work that the individual will complete to gain access to the behavior [5] [6] [7] . A highly reinforcing behavior will support more work to obtain that behavior [5] [6] [7] . Reinforcing behaviors elicit motivational effects via the central dopamine system that mediates their reinforcing value [8] .
Wide individual differences in exercise reinforcement occur in both animal models [9, 10] and humans [5, 7] . Exercise reinforcement can be measured by the amount of operant responding an individual will complete to engage in exercise [5] [6] [7] . Often the measurement environment also includes a sedentary alternative as a response option so that the person is not responding for access to exercise simply because there is no alternative behavior. In this case, work is required to obtain both choices and the reinforcing value of one behavior is determined relative to the other and termed "relative reinforcing value" (RRV) [11] . Most people complete less operant responding for access to broadly defined "exercise" than for highly reinforcing sedentary behaviors such that the relative reinforcing value of exercise (RRV exercise ) is low compared to these competing sedentary activities [5] [6] [7] .
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4 RRV exercise has not yet been studied in adults and studies of RRV exercise in children have limited their focus to aerobic-type exercise training (AT). These studies have demonstrated that RRV AT is correlated with usual activity in children; that obese children have a lower RRV AT than non-overweight children, and that children find an interval-type pattern of exercise more reinforcing than continuous constant load exercise [5] [6] [7] .
Just as the pattern of exercise can influence the reinforcing value of exercise [7] , the mode of exercise may also alter exercise reinforcement. The health benefits of muscle-strengthening activities have led to the development of specific guidelines to encourage regular participation in muscle strengthening activities generally termed resistance exercise training (RT) [1] . It is therefore important to also understand the factors associated with engaging in RT as well as AT.
One test of whether RRV exercise influences adult exercise behavior is determining whether those people who meet PA guidelines have greater RRV exercise than those who do not meet the guidelines. There are not yet data on whether adults who meet the guidelines for aerobic exercise or for muscle strengthening activities have greater RRV specifically for those modes of exercise.
That AT and RT are performed in dissimilar patterns, emphasize different energy systems, and elicit different physiological adaptations would suggest that there may be individual differences in their reinforcing values. AT is often performed at a continuous, constant load using oxidative phosphorylation as an energy resource [12] . RT is completed in short repetitions of exercise with intervening rest periods with the phosphagen system and glycolysis providing the energy for muscle contraction [13] . These dissimilarities could result in individuals having greater RRV for one mode of exercise over another and raises the question of whether exercise reinforcement is consistent across exercise modes. If not, then conclusions regarding the
association of exercise reinforcement with exercise or physical activity behavior could depend on the mode of exercise made available during RRV testing.
An individual-level factor that may determine how reinforcing a person finds exercise and thus frequent exercise participation is their tolerance for discomfort experienced during exercise [14] [15] [16] . The intensity of prescribed exercise intensity is negatively associated with continued adherence to and exercise program [17, 18] . Moreover, the discomfort experienced during exercise is inversely associated with adults" perceived pleasure of exercise [19, 20] .
To date, no study has examined the association of the preference and tolerance for the intensity of exercise with either the RRV resistance training (RRV RT ) or RRV AT . Thus, the primary aim of the current study was to determine whether adults RRV AT and RRV RT were associated with meeting the guidelines for those modes of activity. Secondary aims included determining the association of RRV AT and RRV RT within individuals and testing whether individual-level characteristics, such as the preference and tolerance for intensity of exercise is associated with RRV AT and RRV RT .
Materials and Methods
Recruitment occurred during the spring and summer of 2015 in the greater Grand Forks, North Dakota metropolitan area. Participants were a sample that responded to recruitment media including printed brochures and flyers and online advertisements placed on the Grand Forks Human Nutrition Center website and were compensated with either a $90 stipend or a 3-month membership to a local fitness center. Nearly 90% of the subjects chose to be reimbursed with a stipend. Participant inclusion criteria included an age of 18 to 49 years, being a non-smoker, having no orthopedic injuries that would hinder exercise training, and having no A C C E P T E D M A N U S C R I P T 
Measures
Height and weight: Height was measured in triplicate to the nearest 0.1 cm using a stadiometer (Seca; Chino, CA). Body weight was measured using a calibrated digital scale (Fairbanks Scales-Model SCB-R9000-HS; MO) to the nearest 0.1 kg on each visit. Measures were completed with participants wearing either provided lab scrubs or light casual clothes (t-shirt, shorts) and not wearing shoes.
RRV: RRV exercise was assessed by evaluating the amount of operant responding (mouse button presses) a participant was willing to complete to gain access to exercise and sedentary alternatives [5, 7] . The test began by determining the liking of the exercise options and sedentary alternatives using a 10-point scale (1 = "do not like at all" and 10 = "like very much").
The highest rated exercise and sedentary activity were made available during the testing session.
The lab space included two workstations. One station was a computer and mouse on which the participant could earn points towards their highest liked exercise option while the other station
was a computer that could be used to earn points toward the highest liked sedentary alternative.
Participants could switch between stations as much as they chose. The program presented a game that mimicked a slot machine; a point was earned each time the shapes matched. For every 5 points a schedule was completed and the participant received 5 min of access to the reinforcer that was earned (either exercise or sedentary activity). The game was performed until the participant no longer wished to work for access to either the exercise or sedentary activities.
Reinforcing value was measured using progressive ratio schedules of reinforcement. At first, points were delivered after every 4 presses, but then the schedule of reinforcement doubled (4, 8, 16, 32, […] 1024) each time 5 points were earned. In effect, the participant initially had to click the mouse 4 times to earn each point for schedule one, after the first 5 points were earned schedule one was complete and the participant earned 5 minutes for exercise. Then 8 clicks were required to earn each of the next 5 points for schedule 2 before another 5 minutes of exercise was earned. Schedule 3 required 16 clicks to earn one point, schedule 4 required 32 clicks to earn one point, and so on [11, 22] . Participants engaged in the activity for the time earned after they completed the game, which ended when the participant no longer wished to earn points (time) for exercise or the sedentary alternative. Similar button pressing tasks have been validated as predictors of the RRV of physical versus sedentary activity [5, 7] . On the RRV RT 
for approximately 60 seconds each to determine how much they liked each ergometer. For both test days, the highest liked sedentary activity (watching TV, playing video games, reading, or completing crosswords or Sudoku) was also available, The primary outcome was the RRV for each exercise mode, which was defined as the highest schedule completed (range 0-9) for that behavior, which has been designated as the breakpoint or P max [11, 23] .
Preference and tolerance for exercise intensity: The Preference for and Tolerance of the Intensity of Exercise Questionnaire (PRETIE-Q) [16, 24] was completed at the participant"s first visit. The PRETIE-Q measures how much a person tolerates or prefers intense exercise that is perceived as uncomfortable [14] [15] [16] . Preference and tolerance scores are associated with the frequency of participation in strenuous exercise and total leisure-time exercise [24] .
Physical activity: Habitual PA was measured using an ActiGraph accelerometer (GT3X+ model; Pensacola, Florida). Each participant wore the device for seven days. Participants monitored wear time in a log book and were instructed to wear the accelerometer at the hip using the provided belt during all hours awake except bathing or swimming. Data were cleaned of nonwear time, defined as consecutive strings of zeros greater than 20 minutes. An epoch of 10 seconds was used for data collection. These data were used to determine participants" habitual PA using the Crouter et al. algorithm [25] . Participants who engaged in 75 minutes or more of vigorous physical activity (VPA) were considered to meet the guidelines for aerobic activity [1] .
The VPA criteria was used over the moderate-intensity recommendation as VPA (described by the CDC as running or jogging) is more representative of AT than moderate-intensity physical activity (described as brisk walking). Participants also completed the Yale Physical Activity
Survey (YPAS) [21] , which provides a measure of the weekly minutes of RT and allowed for determining whether they met the muscle strengthening physical activity recommendations [1] .
The YPAS has acceptable intra-rater reliability and validity as compared with accelerometer data [26] and has been used in diverse subject populations across nations and cultures [27] . Among the participants in the present study, the vigorous activity score from the YPAS was correlated with accelerometer-measured minutes of VPA per week (r = 0.38, p<0.01).
Analytic Plan
Sex differences in demographics and physical characteristics were tested using T-tests for unequal variances (Table 1) . Because the distributions of VPA and RT were highly skewed, these variables were log-transformed prior to analysis. Differences in RRV AT , RRV RT , and preference and tolerance for exercise intensity of participants who met and did not meet PA guidelines were also determined by T-test for unequal variances (Table 2) .
Pearson correlation was used to test the association of RRV AT and RRV RT within individuals. The best fitting models to predict RRV AT and RRV RT were determined using stepwise multiple linear regression. Given the discrete nature of RRV AT and RRV RT , the models were fit with the Glimmix procedure in SAS (SAS Institute, Inc., Cary, NC) using the Poisson as the response distribution. Final reduced models included only predictors that made significant independent predictive contributions. Predictors for each model included age, sex, BMI, and the preference and tolerance for exercise intensity. All analyses were done using SAS V9.4.
Results
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As shown in Table 1 , the males were heavier, taller and had a greater BMI (p< 0.05).
Male participants had greater (p=0.008) RRV RT than females. There was a moderate positive correlation (r=0.46, p<0.001) between RRV AT and RRV RT . As shown in Table 2 , 12 of the 87 participants (13.8%) assessed met the CDC PA recommendation for aerobic activity of 75 min of VPA per week [1] and those participants had a 58% greater RRV AT (p< 0.01) than those who did not meet the recommendation. The RRV of the sedentary option (RRV SED ) of participants that met the CDC PA recommendation for aerobic activity was 2.8-fold lower (p<0.01) than for those participants that did not meet the CDC PA recommendations for aerobic activity. A total of 23 subjects (26.4%) met the recommendation for muscle strengthening exercise and had 54%
greater RRV RT (p< 0.01) than those who did not meet the RT recommendation, and an RRV SED that was 62% lower (p< 0.01) than those who did not meet muscle strengthening guidelines.
Those participants meeting the muscle strengthening recommendations also had a greater (p< 0.01) preference and tolerance for exercise intensity than those not meeting RT recommendations. Results of regression models predicting RRV AT and RRV RT are presented in Tables 3 and 4 . As shown in Table 3 , RRV AT was positively associated with participants" age.
Participants" greater RRV RT was predicted (p< 0.05) by sex (males greater), having a greater BMI, and a greater preference and tolerance for exercise intensity (Table 4) .
Discussion
The present study is the first to demonstrate that people who meet aerobic activity guidelines have a greater RRV AT and that people who meet the muscle strengthening guidelines have a greater RRV RT. These findings support previous research that physical activity reinforcement is an important determinant of usual physical activity [5, 6] and extend that work
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Meeting or exceeding PA guidelines requires making the choice to exercise rather than to be sedentary on multiple days during a week. As such, the current results support that exercise reinforcement, in general, is associated with an individual"s usual choice to exercise [5] .
The present study is the first to test the RRV of two disparate modes of exercise in the same individuals and provides the initial demonstration that reinforcement for a specific mode of exercise drives participation in that mode of exercise. Given that RRV AT and RRV RT were greater in those participants who met the aerobic activity and muscle strengthening guidelines,
respectively; the results demonstrate that an operant responding task is a valid measure of exercise reinforcement across different modes of exercise in humans. RRV RT and RRV AT were only moderately positively correlated within individuals. This is not surprising as both AT and RT are forms of exercise, but the energy systems utilized in these exercise modes can be very different. The present work demonstrates that an individual"s preference and tolerance of exercise predicted RRV RT , but not RRV AT , and that RRV AT was not different between those who met or did not meet muscle-strengthening guidelines. These results suggest that the RRV is distinct across different modes of exercise, thus, depending on the research question, future studies should carefully choose the exercise modes made available during RRV testing, and that "RRV exercise " should be operationally defined based on the exercise mode(s) that were made available during the testing session.
The present study also extends this area of research by being the first to test whether greater preference and tolerance for exercise intensity is associated with greater exercise reinforcement. The preference and tolerance for exercise intensity was associated with RRV RT, but not RRV AT . Likewise, the preference for and tolerance of exercise intensity differed between
12 those subjects who did or did not meet muscle strengthening recommendations, but not between those who did or did not meet recommendations for aerobic activity. In the current study, tolerance, as measured, did not refer to the amount of physical work that can be performed before disease symptoms are observed. Nor did the current study define tolerance as a diminished response at the initial dose such that greater doses are needed to produce the response [28] such as developing tolerance to the negative physiological or sensory effects of a drug [29] .
Rather, tolerance for the current study was conceptualized as the individual experiencing the aversive effects of exercise, but being able to handle them for some reason. Exercise reinforcement may depend on the balance of the aversive and pleasurable aspects of exercise. A greater tolerance of the discomfort associated with exercise may be necessary for the reinforcing effects of exercise to be realized. For many individuals, exercise has a very low reinforcing efficacy [5, 6] which may be associated, in part, to a lower preference for and tolerance of exercise intensity. Exercise intensity is inversely correlated with exercise program adherence [17, 18] and exercise reinforcement may depend on the relative amounts of the aversive and pleasurable aspects of exercise. In addition, exercise discomfort is inversely associated with pleasure [19, 20] . However, an individual that experiences the aches and discomforts of exercise, but derives so much pleasure from the exercise would experience it as positive. This may explain why some people prefer more intense exercise that produces noticeable perceptions of effort and discomfort such as breathing hard, sweating, and muscle pain. Indeed, preference and tolerance for exercise intensity are associated with the frequency of participation in strenuous exercise and total leisure-time exercise [24] .
Though not measured in the present study using the PRETIE-Q, it may also be possible that some increase in tolerance may occur in frequent exercisers so that the negative
13 physiological or sensory effects of exercise become less prominent at the same work intensity.
This tolerance may increase exercise reinforcement, perhaps to an amount that allows the individual to meet PA guidelines. The associations between preference and tolerance for exercise intensity, exercise reinforcement, and usual activity demonstrated in the current study do not prove directionality of the associations or causality. Treatment studies are needed that attempt to increase exercise tolerance and determine the effects on exercise reinforcement and exercise behavior.
The development of tolerance to exercise discomfort may depend on maintaining the expectation of a favorable outcome for increasing tolerance [30] . Indeed, outcome expectation can be more important than the number of exposures when developing tolerance [31, 32] .
Applied to exercise, tolerance for the unpleasant aspects of exercise would be expected to increase when tolerance is perceived to be a favorable trait that produces a favorable outcome.
We are studying whether outcome expectation can explain individual differences in the change in exercise discomfort tolerance across exercise exposures. Once individuals learn to tolerate the unpleasant aspects of exercise it would be expected that a preference for this exercise would follow as preference and tolerance for exercise intensity are interrelated traits [30, 33] . Thus, developing a tolerance to the unpleasant aspects of intense exercise may be the first step in increasing the RRV of greater intensity exercise.
This study is not without limitations. Most of the participants were college students, bringing the average age of the study subjects below 25 years. Future studies should include middle-aged and older adults to determine whether similar relationships are present among RRV AT/RT , meeting of the PA guidelines, and if the preference and tolerance for exercise intensity predicts RRV AT/RT in these different populations. Additionally, all participants were
14 healthy and free of any obesity-related co-morbidities, which could influence the RRV of AT or RT and affect their preference and tolerance for exercise intensity. Participants of the current study were also slightly more active than the average American, with 14% and 26% meeting the AT and RT recommendations, respectively. This is greater than the 9% that has been reported elsewhere [4] . During the reinforcement task, the self-selected exercise intensity was not measured. Future studies should measure the intensity of the exercise that participants engage in during their earned physical activity time and statistically compare it to their usual exercise intensity.
In conclusion, the present investigation demonstrated that finding exercise more reinforcing is associated with choosing to exercise in sufficient quantities to meet the PA guidelines. RRV AT and RRV RT were only moderately correlated and were associated with different individual-difference factors. Thus, conclusions regarding the relationship of "exercise reinforcement" with physical activity behavior should be limited to the mode of exercise tested.
The identification and distinction of RRV AT and RRV RT and their associations in meeting the respective PA guidelines is an important step in understanding the determinants of exercise that could be used to increase PA guideline adherence among Americans. The RRV of a mode of exercise is associated with the participation in that mode of exercise, while exercise discomfort tolerance is associated with the RRV of resistance exercise. 2 Muscle-strengthening guidelines: perform muscle-strengthening activities that work all major muscle groups 2 or more days a week (1) . Operationally defined as >45 min per week. 3 RRV RT : P MAX of the relative reinforcing value (RRV) task when gaining access to resistance exercise training (RT) exercise when sedentary behavior was available as a behavioral alternative.
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Highlights:
 Individual differences between those who meet and do not meet physical activity guidelines are investigated.
 Aerobic activity guidelines and muscle strengthening guidelines are addressed  The reinforcing value of resistance exercise and aerobic exercise are major factors in meeting activity guidelines.
 Tolerance and preference for exercise intensity is also investigated.
